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Abstract 
Due to the rapid change in customer demands and needs, manufacturers are increasingly shifting from mass productions to mass customizations. 
Product platform strategy, which is one of the enablers of mass customizations, has been implemented by many companies in order to offer a 
wide range of products that belong to a family. Recently, a new platform approach was developed where an optimal platform is formed for a 
product family and is customized for different variants by adding, removing, and/ or substituting platform components to form product variants 
as orders are received. In this paper, the effect of product platform design and customers’ demand on the production cost is investigated using 
Discrete-Event Simulation (FlexSim). The product platform and the product platform scalability concepts are examined and compared. The 
findings of this research demonstrate that effective platform implementation has a direct effect on the overall production costs as well as improving 
customer satisfactions by offering the desired level of customized products. 
 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Over the years, trends in customer demands have changed 
significantly in terms of what people desire and what the 
market offers them. There is an increasing trend of customers 
demanding similar products but with diversified features and 
fluctuating demands, which has necessitated the need to 
develop numerous concepts for the enhancement of mass 
customization applications [1]. Therefore, rather than mass 
producing goods, manufacturers have turned to adopting mass 
customizations.  
The current manufacturing industry is competitive and 
requires the players to ensure that products are introduced to 
the market at a relatively low cost and with a short lead time. 
This is facilitated by the producers consistently seeking 
innovative means of reducing the cost of production while 
simultaneously ensuring that customers are offered attractive 
goods [2].  
Consequently, this has resulted in an increase in the variety 
of products with associated diverse challenges since the 
production cost tends to always be proportional to the number 
of available models. The product platform approach offers an 
advantage in coming up with diverse variants that belong to 
families while maintaining economies of scale and scope, and 
increasing manufacturing responsiveness and flexibility [3]. A 
product variant can be formed by adding, removing, and/or 
substituting one or more component to / from the platform to 
satisfy targeted market segments.  
A discrete-event simulation model was developed and used 
to investigate the effect of customers demand on the production 
cost for different product platform designs, namely static pre-
designed product family platforms and customizable platform 
based on demands for each variants. 
2. Literature Review 
Meyer & Lehnerd defined the platform as “a set of common 
components, modules, or parts from which a stream of 
derivative products can be efficiently developed and launched” 
[4]. Also, Robertson and Ulrich introduced a comprehensive 
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definition of the platform as the collection of assets such as 
components, processes, knowledge, people and relationship, 
shared by a number of products [5]. 
Researchers have been discussing the product platform 
formation concepts over the years, mainly: (a) qualitative 
approach based on individual cases and (b) quantitative 
approach based on mathematical or simulation techniques [6] 
and several related strategies found in the literature on how to 
efficiently and effectively use platforms to form product 
families including: 
x The development of commonality matrices [7] 
x The utilization of model-based approaches for determining 
suitable product platforms [8] 
x Suitable optimization approaches such as design 
optimization etc. [9] 
x Other diverse mathematical and analytical approaches for 
using platform to form product families [10] 
 
 The above approaches intended to either identify or 
optimize the group of common components that form the 
product platform.  The application of a platform in mass 
customization is essential in the development of diverse 
variants with significant cost savings from a unified platform 
[11]. Products that rely on a platform architecture facilitate easy 
variation without necessarily redesigning the whole product 
[13]. This is because the platform is the starting point for the 
addition or removal of components in a bid to increase the base 
product’s variety, performance, and/or features [14]. 
Moreover, in an environment where demands tend to vary, 
the utilization of a platform allows storage of inventory based 
on semi-finished products with minimal final assembly time 
[12] which improves response to customers and inventory 
management while simultaneously minimizing holding costs 
and shortages [15].  
The formulation of a product platform is based on the 
determination of a defined group of shared features across a 
given product family [1]. The common core components are 
produced using mass assembly lines and additional product 
variants are produced by addition, removal, and/or substitution 
of components to the current platform with postponed 
differentiation [1]. Ben-Arieh et al. [2] proposed the 
disassembly and assembly of components for the formation and 
customization of product platforms [2]. 
Due to the advantages deduced in this literature, there are 
many manufacturers that have adopted product platform 
strategy to enhance their overall product variety level and 
maintain economy of scale. [12]. Volkswagen has utilized the 
product platform strategy to reduce production and 
development costs [16]. Black and Decker have incorporated 
this strategy to their diverse power tool products manufacturing 
[4]. Sony has also utilized it in its overall product development 
process [17]. 
3. Impact of Product Platform Design and Customer 
Demand on Production Cost 
3.1. Product Platform Concept:  
The product platform is the core components shared by all 
variants in the product family. This approach has enabled 
companies to develop a series of product variants by adding, 
removing, and/or substituting parts or modules which reduces 
the manufacturing complexities, hence, improving the 
efficiency of the system and reducing the overall cost of 
production. Figure 1, represents a typical single product 
platform assembly line of a product family. By increasing 
commonality of the platform components, manufacturer can 
produce a wide range of products at a lower cost. 
3.2. Product Platform Scalability:  
The product platform scalability is an optimized version of 
the product platform concept, where customer demand is 
considered during the design phase of the product family 
platform. Platform scalability changes / adapts platform 
components to match customer demand. The scalability 
concept could be applied to both single and multiple platforms 
which are described in subsection 3.2.1 and 3.2.2.   
A new product platform formation methodology is proposed 
to take the demand into account. Consider Figure 1, where three 
variants are to be produced V1, V2, and V3 with demand of 
100, 20, and 10 respectively. It would be more economical, 
according to relative demand, to base the platform design on 
the first product variant V1 then customize 30 products by 
adding, removing and/or substituting V1 components to form 
V2 and V3 as illustrated in Figure 2. Hence, the differentiation 
point between product variants is delayed to adapt to variation 
in demand and to increase manufacturing efficiency. 
3.2.1. Single Product Platform Scalability: 
Single product platform have been widely researched in the 
literature and implemented in many manufacturing industries 
as an important enabler of mass customizations. It allows 
Figure 1: Single Product Platform  Figure 2: Single Platform Scalability 
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manufacturer to produce a wide range of products cost 
effectively and to be more competitive in today’s market.  
A single platform scalability has various advantages which 
include reducing setup and labour training costs. There is a 
tradeoff between the number of platforms and the setup and 
training costs. As the number of platforms increases the setup 
and training costs increases as well. Furthermore, having one 
platform reduces the complexity of the manufacturing system, 
hence, increases the system efficiency and effectiveness. 
 On the other hand, a single platform scalability often 
imposes constraints on product family members which in turn 
results in a limitation of the use and appearance of specific 
variants, and on functional requirement. For example, suppose 
that all variants in a product family have common elements 
/components and there is a need to modify one variant in the 
family to meet the requirement of one target segment. The 
solution to that problem is to either exclude the whole element 
from the platform or to still produce it but with subsequent 
modifications and customizations which increase the assembly 
costs. Furthermore, with the changes in customers’ demand and 
their divers needs, technology, and short life span of the 
products, it is hard to form a single platform which satisfies all 
changing customer demands.  
 
3.2.2 Multiple Platforms Scalability:  
In light of the above mentioned constraints and limitations, 
and the need for a cost effective methods and solutions, 
researchers have developed various platform design 
approaches. These design approaches suggest having multiple 
platforms in the family rather than one.  
The multiple platforms strategy suggests that platforms are 
to be formed for sub-groups in the family rather than having 
one platform that represents the whole family, as shown in 
Figure 3.  
However, various factors must be taken into considerations 
which are; setup and labour training costs, complexity of the 
manufacturing systems, and capacity and space required for 
forming multiple platforms. These factors were considered 
advantages of the single platform. It should be noted that any 
new platform introduction require labour training and setup 
costs both of which increase the overall manufacturing cost. 
However, as setup and labour training costs decrease, multiple 
platforms strategy becomes more cost effective.  
 Also, having multiple platforms increases the complexity of 
the manufacturing system. More coordination efforts are 
needed to allocate jobs to each station, scheduling these jobs, 
and tracking items on the shop floor etc. 
Lastly, multiple platforms require more space than single 
platforms since platform components are shared by subgroups 
rather than the whole family in single platforms.  
In this paper, both product platform design approaches will 
be studied and an illustrative example is applied on the product 
platform as well as the product platform scalability. A tablet 
case study [1] will be used for comparison between single and 
multiple platform approaches.  
4. Model Development  
A discrete event simulation model is constructed using the 
information presented in the IDEF0 illustrated in Figure 4. The 
inputs of the model are the number of components in each 
variant, number of variants in the family, assembly sequence, 
setup cost, and variants demand. All information was given in 
the case study which was adapted from Hanafy and ElMaraghy 
[1] except components assembly time. According to Boothroyd 
and Dewhurst [18], assembly time is always proportional to 
components complexity. A typical manual assembly time for a 
simple part is 3 seconds and as the complexity of a part 
increases the assembly time increase, hence it increases 
assembly and the overall production costs [18]. The outputs of 
the model are the assembly cost of each variants, production 
costs, and assembly time.  
The assembly line for the model is shown in Figure 5, where 
it begins with mass assembly stations for assembling platform 
components. Each station is concerned with assembling one 
part of the platform. Then, parts are transported to a queue 
using a transporter and after that to the manual stations where 
the non-platform component is added or removed to form a 
product variant. Next, the final variant is to be sent to a queue 
where packaging and quality inspection take place. Finally, 
variants are stored in the inventory until orders are complete 
and ready to be delivered.  
Figure 3: Multiple Platforms Scalability  
Figure 4: IDEF0 of the discrete-event simulation 
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5. An Illustrative Example  
A simple example is adapted from Ben-Arieh et al. [2] for 
illustration. The results are compared with those obtained by 
Hanafy and ElMaraghy for the same case study [1]. Figure 6, 
illustrates a product family with four variants (Variant 1, 
Variant 2, Variant 3, and Variant 4). Each variant is consisting 
of five components from a set of eight components (A, B, C, 
D, E, F, G, and H). The components shared by the four variants 
are A and B which are considered as the platform components. 
Hanafy and ElMaraghy proposed a mathematical model 
(MPMP) to solve the same case study. The objective of MPMP 
model was to determine the platform components that 
minimize the total cost for a range of demand scenarios. The 
purchase cost of each of the eight components is given in Table 
2. 
Table 1: Simulation Model Results 
The objective of this model is to study the same demand 
scenarios that resulted from the MPMP model but on all 
possible single platform designs. 
The aim is to examine the validity of the model MPMP and 
compare whether the single platform is better or the single 
platform scalability concept. Table 1, illustrates the results 
generated by MPMP which show the setup costs, cost of 
assembly, demands for each variants, platform components, 
and total cost. 
Table 2: Purchase Cost 
Component A B C D E F G H 
Purchase Cost ($) 10 11 12 13 14 15 16 17 
 
The product platform concept in this example is components 
A and B, which are the components shared by all product 
variants. Each demand scenario was examined against four 
platforms candidates AB, ABC, ABDE, and ABCGH as shown 
in Table 1.  
Figure 7, represents the four platforms modelled in FlexSim. 
The red rectangle is the platform components which are also 
mass assembly stations. The right hand side of the simulation 
model are the manual assembly stations, where addition and 
removal for components to form a customized product variant 
takes place. The manual stations have higher assembly and 
disassembly costs than the mass assembly stations. The trade-
off here is deciding whether to place a specific station in the 
mass or manual part of the system station according to 
customer demands.  
 
Setup Cost 
($) 
Costs (Mass, 
Addition, 
Removal) ($) 
Variants Demand 
[P1 ,   P2 , P3  ,  P4 ] 
Platform Components Difference in 
($) 
Difference in 
% 
AB ABC ABDE ABCGH  
1000 (2, 4, 3) [250,  250, 250, 250] 79,750 82,500 91,000 113,750 N/A N/A 
  [700,  100, 100, 100] 78,100 78,000 80,200 116,300 100 1.3 
  [100,  700, 100, 100] 79,900 91,200 82,000 129,500 N/A N/A 
  [100,  100, 700, 100] 79,300 79,200 93,400 117,500 100 1.3 
  [25  ,  25  ,  25 , 925] 82,675 81,150 117,100 80,675 2000 2.5 
  [0    ,   0   , 700, 200] 72,000 70,200 90,600 99,500 1800 2.6 
100 (2, 4, 3) [250,  250, 250, 250] 78,850 81,600 90,100 112,850 N/A N/A 
  [700,  100, 100, 100] 77,200 77,100 79,300 115,400 100 1.3 
  [25  ,  25  ,  25 , 925] 81,775 80,250 116,200 79,775 2000 2.5 
  [500, 300 ,   0  ,  0   ] 61,700 65,900 58,600 100,300 3100 5.3 
Figure 5: Assembly line direction 
Figure 6: Product Family Example Adapted from [2] 
Figure 7: Discrete Event Simulation Model 
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The MPMP model shows that demands have an important 
influence on the total production cost. Consider the last demand 
scenario in Table 1 where variants 1, 2, 3, and 4 have demand 
quantities of 500, 300, 0, and 0 respectively. 
Since both variants 3 and 4 has a zero demand, platform 
components was based on the common component between 
variant 1 and 2 which are A, B, D, E. Only one component for 
each variant is to be manually added after mass assembly 
stations which is component C for variant 1 and F for variant 
2. By changing the platform components from the common 
components shared by all variants to the scaled platform which 
represents only components shared by the highest demanded 
quantity, $3,100 saving of the total production cost was 
achieved. Therefore, the platform scalability strategy increases 
the efficiency of the manufacturing system and its 
responsiveness since the mass assembly stations are faster than 
the manual stations and hence decrease the lead time. 
6. Case Study  
A case study is adapted from Hanafy and ElMaraghy for 
comparing and validating the multiple platform scalability 
concept and the single product platform concept [1]. Figure 8, 
represents a case study of a touchscreen tablet family that 
consists of ten product variants. Each tablet has nine 
components.  
The cost of mass assembling a single component is $3.5, 
while manually assembling or disassembling a component is 
$4.25. The labour and training cost is $1,500 per platform. 
Table 4, shows the purchase price of each components and 
composition of each variant. 
Table 3: Variant's Demand 
Variant #. Demand 
(Per 
month) 
Variant #. Demand 
(Per 
month) 
1 100 6 200 
2 700 7 1000 
3 100 8 300 
4 100 9 400 
5 100 10 800 
 
Hanafy and ElMaraghy, experimented with the MPMP 
model for the multiple platform approach through six different 
demand scenarios. However, due to the complexity of the 
model, only one demand scenario is considered in this paper 
which is shown Table 3.  
Table 4: Variants Composition and Purchase Costs 
No Components 
Cost 
($) 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
1 Steel Mid Frame 4 X X X X X X X X X X 
2 Battery 1 16.5 X  X X  X     
3 Battery 2 30  X   X  X    
4 Battery 3 38        X X X 
5 
Touchscreen 
Controller 
3 X X X X X X X X X X 
6 Power Button 2.5 X X X X X X X X X X 
7 
Default Speaker 
Assembly 
13  X  X  X X X   
8 
Double Stereo 
Speaker Assembly 
10 X  X  X    X X 
9 
Capacitive Front 
Panel Assembly 
30 X   X X X X X   
10 
Resistive Front Panel 
Assembly 
42  X X      X X 
11 Motherboard 1 64.5 X   X X      
12 Motherboard 2 80  X    X X X   
13 Motherboard 3 95   X      X X 
14 LCD Display 38 X   X X X    X 
15 
LCD with IPS 
Display 
47  X X    X X X  
16 Back Cover 6 X X X X X X X X X X 
 
It is clear from Table 4 above that the platform components 
are 1, 5, 6, and 16 which are shared by all tablet variants. This 
platform is used as a mass assembling station in the simulation 
model of the product platform concept. Then, five different 
stations are needed to manually assemble the remaining five 
components and to form a customized variants as illustrated in 
Figure 9 (a). 
The MPMP model finds that it is cost optimal to have eight 
different platforms to assembly the ten variants. Variants 1, 4, 
5 are to have a common platform of components [1, 6, 9, 11, 
and 14]. The remaining seven variants belong to a separate 
platform consisting of nine components each as shown in 
Figure 9 (b). 
 
Figure 8: Touchscreen Tablet [1] 
Figure 9: (a) Single Product Platform; (b) Multiple Product Platform  
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7. Results  
Table 5, shows that the platform design approach provides 
lower assembly costs for each tablet variant considering the 
recommendation of the MPMP model in the literature. 
Table 5: Simulation Model Results 
Variant # 
Single Product 
Platform 
Assembly Cost ($) 
Multiple 
Platforms 
Scalability 
Assembly Cost ($) 
Difference 
1 20,975 20,900 75 
2 183,925 181,300 2,625 
3 26,125 25,750 375 
4 21,275 21,200 75 
5 22,325 22,250 75 
6 45,650 44,900 750 
7 250,750 247,000 3,750 
8 77,625 76,500 1,125 
9 113,100 111,600 1,500 
10 219,000 216,000 3,000 
Setup and Labour 
Training Cost Per 
Platform 
($1,500) 
One Platform 
1,500 
Eight Platforms 
12,000 
-10,500 
Total Production 
Cost (Per Month) 
982,250 979,400 2,850 
 
It was noted that as demand quantities of specific variants 
increases, more cost saving is achieved using the multiple 
platforms scalability approach.  
On the other hand, as the number of platform increases, 
labour, training, and setup costs increases significantly. When 
having highly skilled workers and low setup costs, it is more 
cost effective and economical to produce product family using 
multiple platforms approach. 
 
8. Conclusion  
Customer demands and needs are changing over time. To 
cope with this problem, manufacturer must continuously offer 
variety of products that meet customer demand and to attract 
them. However, variety is not easy and challenging for 
manufacturer since it comes with a cost. They have to decrease 
associated costs as well as to be responsive to customers 
changing needs.  
The product platform scalability design approaches allow 
manufacture to reduce assembly costs and to be more 
responsive to customers. In this paper, the impact of product 
platform design approach and market demand on 
manufacturing system performance was studied using a 
discrete event simulation. Both platform scalability concepts 
(single and multiple) platforms are considered. The result 
shows that when demand on specific variant increases relative 
to other variants, platforms scalability become important to 
reduce the overall production cost.  
The outcome of this study shows that the new concepts of 
platform scalability would improve the efficiency and 
responsiveness of manufacturing systems as well as reducing 
assembly time and cost.  
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